IMPACT:  International  Journal  of  Research  in 
Engineering  & Technology  (IMPACT:  IJRET) 
ISSN(P):  2347-4599;  ISSN(E):  2321-8843 
Vol.  5,  Issue  5,  May  2017, 13-32 
© Impact  Journals 


BIOREMEDIATION  OF  LEAD,  NICKEL  AND  COPPER  BY  METAL  RESISTANT 
BACILLUS  LICHENIFORMIS  ISOLATED  FROM  MINING  SITE:  OPTIMIZATION  OF 
OPERATING  PARAMETERS  UNDER  LABORATORY  CONDITIONS 

AKSHATHA  JAIN  N1,  UDAYASHANKARA  T H2  K S LOKESH3  & SUDARSHAN  B L4 

1,3,4  Department  of  Environmental  Engineering,  Sri  Jayachamarajendra  College  of  Engineering,  Mysore,  Karnataka,  India 
department  of  Biotechnology,  Sri  Jayachamarajendra  College  of  Engineering,  Mysore,  Karnataka,  India 


ABSTRACT 

Biosorption  has  been  considered  as  effective  process  of  bioremediation  for  removal  of  heavy  metals  in  an 
ecosystem.  In  this  study,  metal  resistant  bacterial  strains  were  isolated  from  the  soil  sample  rich  in  heavy  metals  like  Lead 
(Pb),  Nickel  (Ni)  and  Copper  (Cu).  Isolates  were  evaluated  for  their  metal  resistant  and  degradation  capacity  for 
applicability  in  heavy  metal  removal  from  the  soil.  Based  on  this,  one  efficient  gram  positive  strain  has  been  characterized 
by  16S  rDNA  sequencing  and  identified  as  B.  licheniformis.  The  effect  of  metals  concentration  of  biomass  and  metal 
sorption  efficiency  was  determined.  The  optimization  study  showed  that,  optimum  pH  for  isolate  is  6.0  for  Pb, 
6.5  for  Cu  and  7.0  for  Ni  absorption;  optimum  media  components  are  1%  glucose,  100  ml  of  minimal  salt  solution  and  1 g 
of  nitrogen  source  per  liter.  The  change  on  surface  morphology  of  cell  wall  was  studied  by  Transmission  Electron 
Microscopy  (TEM).  Changes  in  Chemical  functional  groups  on  the  surface  of  bacteria  with  metal  absorption  were  studied 
by,  Fourier  Transform  Infrared  (FTIR)  spectroscopy  and  crystalline  nature  by  X-ray  Diffraction  (XRD). 
The  bioreactor  was  designed  and  operated  at  optimized  conditions  with  three  different  flow  rates  of  medium  and  result 
showed  the  maximum  sorption  of  Pb  86  ± 5%  at  192  h,  Ni  77  ± 8%  at  240  h and  Cu  80  ± 6%  at  216  h. 
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INTRODUCTION 

Heavy  metals  are  those  which  have  densities  higher  than  5 g cm"3,  among  these  some  metals 
(Ca,  Co,  Cr,  Cu,  Fe,  K,  Mg,  Mn,  Na,  Ni  and  Zn)  are  essential  and  serves  as  micronutrients  while  some  other  metals 
(Ag,  Al,  Cd,  Au,  Pb,  and  Hg)  are  non-essential  and  have  no  biological  role  (Bruins  et  al.2000).  Nonessential  metals  are 
potentially  toxic  as  well  as  carcinogenic  to  living  organisms,  whereas  essential  metals  like  copper  or  even  though  serving 
as  the  nutrients  they  are  uncertain  at  the  upper  limit  of  the  acceptable  range  of  oral  intake  (more  than  2-3  mg  day"1)  in 
adult  human  (IPCS  1998).  These  toxic  heavy  metals  mobilized  and  released  into  the  environment  by  the  result  of 
modernized  human  activities  like  industries,  municipal  sewage  and  mining  activities  (Lloyd  and  Lovely  2001).  Once  the 
metallic  species  released  into  the  environment  they  tend  to  persist  indefinitely,  circulating  and  accumulating  in  the 
domestic  area,  further  reaches  up  to  the  food  chain,  thus  causing  a serious  threat  to  the  aquatic  and  terrestrial  organisms  as 
well  as  human  health. 

Both  the  removal  and  or  recovery  of  heavy  metals  from  contaminated  ecosystem  are  essential  and 
it’s  a challenging  task  in  the  protection  of  the  environment  and  human  health. 
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There  are  several  chemicals,  physical  and  biological  methods  were  identified  to  treat  heavy  metal  contaminated 
area  such  as  adsorption  (Olgun  et  al.  2009),  bio  sorption  (Davis  et  al.2003),  coagulation  (Stephenson  andDuffl996), 
chemical  oxidation  (Mohan  et  al.  2001),  membrane  filtration  (Sojka  et  al.  2010),  and  anaerobic  treatment  (You  et  al.  2010). 
Among  these  methods,  absorption  has  been  considered  as  effective  process  because  of  its  efficiency  and  ability  of 
biological  materials  to  bind  heavy  metals  (King  et  al.  2007).  Several  reports  revealed  that  the  bacterial  community  was 
used  for  bio  sorption  of  metals  due  to  their  characteristic  structure  of  cell  wall;  especially  Gram-positive  bacteria 
have  a greater  ability  to  bind  metals  than  gram-negative  bacteria  (Matyar  et  al.  2008,  Jaafar  et  al.  2015). 
This  is  because  of  their  characteristic  cell  wall  structure  formed  with  teichoic  acids  and  their  phosphate  groups  and 
carboxyl  groups  which  formed  by  peptidoglycan  layers  were  main  key  components  for  the  uptake  of  metals 
(Da  Costa  1999,  Beveridge  1989,  McLean  et  al.  2002,  Gadd  2009). 

The  bio  sorption  efficacies  of  bacterial  strains  obtained  from  batch  studies  were  providing  fundamental 
information,  but  these  systems  were  not  likely  to  be  employed  in  industrial  application.  Fixed-bed  system  or  column 
studies  were  more  useful  for  treatment  of  heavy  metal  contaminated  areas  (Colaket  al.  2011).  In  our  previous  work 
(Akshata  et  al.  2014)we  studied  the  applicability  of  microbial  culture  in  the  crude  mass  for  heavy  metals 
(Cr,  Pb,  Ni  and  Cu)  removal  of  mining  residues  and  simulated  soil  residue  to  develop  a bioremediation  process. 
The  present  study  describes  the  isolation  and  characterization  of  heavy  metal  resistant  gram  positive  bacterial  strain  from 
mining  soil.  And  evaluation  of  its  potential  use  as  metal  sorbents  for  the  removal  of  heavy  metals  in  batch  and  continuous 
flow  column  systems  was  studied  in  detail. 

MATERIALS  AND  METHODS 

Soil  sample  collection  and  characterization  was  carried  out  as  described  in  our  previous  work 
(Akshathaet  al.  2014).  The  chemicals  and  reagents  used  were  of  analytical  grade.  Nutrient  Broth  media  (NB)  and  mineral 
media  were  procured  from  Hi-media,  Bangalore 

Preparation  of  Metal  Contaminated  Soil 

The  soil  was  contaminated  artificially  in  the  laboratory  by  the  addition  of  respective  metal  sulfates  of  Lead, 
Copper  and  Nickel  separately.  A stock  solution  was  prepared  with  the  respective  salts  by  dissolving  individually  in 
distilled  water  to  achieve  concentration  10,000  mg  L 1 and  stored  at  4°C.  Working  standards  were  prepared  by  adding  the 
desired  quantity  from  stock  solutions  into  the  soil  sample  individually  and  samples  were  kept  for  3 days  on  a rotary  shaker 
at  room  temperature,  finally  stored  at  4°C. 

Isolation  of  Metal  Resistant  Bacteria 

Wet  soil  sample  (10  g)  was  homogenized  at  3000  RPM  for  1 min  with  90  ml  of  sterile-filtered,  cold  saline 
solution  diluted  1:20  in  a sterile  warring  blender.  0.1  ml  samples  (1:10  dilution)  were  spread  on  plates  containing  nutrient 
agar  medium  containing  10%  soil  extract;  this  was  spread  evenly  on  the  agar  surface  by  L shaped  glass  rod.  The  plates 
were  then  wrapped  in  cling  film  (to  retain  moisture)  and  incubated  at  35°C  for  48  h.  A number  of  morphologically 
different  colonies  were  randomly  selected  and  counted  under  a light  microscope  (Motic  BA-210).  The  colonies  were 
picked  from  the  nutrient  agar  plate  and  sub-cultured  on  nutrient  agar  medium. 
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For  further  isolation  and  enumeration  of  metal  resistant  bacteria,  all  the  cultures  were  serially 
diluted  to  2xl0’6  dilutions  and  1 ml  of  each  strain  were  poured  indifferent  Nutrient  agar  plates  supplemented  with  100 
mgU'of  metals  (Pb,  Ni  and  Cu)  individually.  The  plates  were  incubated  for  2 days  at  37°C  (Megharaj  et  al.  2003). 

The  experiment  repeated  in  triplicate  to  isolate  metal  resistant  strain  in  order  to  obtain  bacterial  biomass. 
The  above  metal  resistant  strains  were  inoculated  separately  into  the  nutrient  broth  medium  and  incubated  for  48  h at  37°C 
in  a shaker  incubator.  The  biomass  is  used  for  the  Pb,  Ni  and  Cu  degradation  ability  and  optimization  study  of  physical 
parameters  and  medium. 

Determination  of  Minimum  Bactericidal  Concentration  (MBC)  for  Isolates 

The  MBC  of  Pb,  Ni  and  Cu  at  which  no  colony  growth  occurred  was  determined  by  broth  dilution  methods 
(Aleem  et  al.  2003;  Nath  et  al.  2014).  The  isolates  were  inoculated  individually  into  a Nutrient  broth  medium  which 
containing  10  pg  ml1  of  the  respective  metals  (Pb,  Ni  and  Cu).  There  by  the  metal  concentration  was  gradually  increased 
by  10  pg  ml’1  each  time,  until  the  strains  failed  to  produce  the  colonies  in  broth.  The  last  concentration  in  which  isolates 
failed  to  grow  on  the  plate  was  recorded  and  the  same  was  considered  as  MBC.  An  experiment  was  carried  out  in  triplicate 
and  standard  deviation  was  calculated  (Table  1). 

Biochemical  Characterization  of  Isolates 

Based  on  the  above  result  six  strains  were  selected  which  showed  resistant  and  degradation  properties  of  all  three  metals, 
and  these  were  carried  for  further  evaluation  and  species  characterization.  For  characterization  the  biochemical  tests 
include  Grams  staining,  oxidase  test,  lactose  fermentation  test,  indole  test,  citrate  test,  spore  forming,  catalase  test, 
mannitol  fermentation  test  and  glucose  fermentation  test  (Table  2)  and  also  used  specific  medium;  Brilliance  Bacillus 
Cereus  agar  (BBC  agar)  for  Bacillus  licheniformis,  streamed  and  Macconkey  agar  was  used  for  Pseudomonas  aeruginosa. 
Bacillus  lichinifonniswassho'wedhigh  resistance  to  metals  (Pb,  Ni  and  Cu)  as  well  as  significant  sorption  of  all  three 
metals,  the  work  was  further  extended  to  characterize  the  strain  by  16S  RDNA  sequencing  method. 

Identification  by  16S  RDNA  Sequencing 

Genomic  DNA  (gDNA)  was  isolated  from  bacterial  isolates  as  described  by  Joseph  and  David  (2001).  Briefly, 
16S  RDNA  of  Culture  was  amplified  using  conventionally  purified  gDNAby  the  PCR  primers 
5 ’ -AGAGTTTGATCATGGCTC AG-3’  and  5’-GGTTACCTTGTTACGACTT-3\  P3  forward  primer  and  P13  reverse 
primer  respectively,  that  amplifies  approximately  1500  bp  length  of  16S  RDNA  gene  of  bacteria.  The  primers  were 
commercially  synthesized  from  the  Eurofins  Genomics  (Bangalore).  The  lyophilized  primer  was  dissolved  in  nuclease  free 
water  according  to  manufacturer’s  recommendation  to  obtain  stock  primer  of  100  pM  final  concentrations.  Using  this 
primer  stock,  a working  premier  solution  was  prepared  at  a final  concentration  of  10  pM  using  nuclease  free  water. 

PCR  was  performed  by  20pL  reaction  Mixture  containing  2.0  pL  of  DNA,  primers  at  a concentration  of  0.6  pmol 
each,  2.0  mM  MgCl2  and  dNTPS  concentration  of  50  pM,  as  well  as  1.25  U of  Taqpolymerase  and  IX  buffer  was  used. 
After  the  initial  denaturationfor  4 min  at  94°C,  there  were  32  Cycles  consisting  of  denaturation  at  94°C  for  30  s,  annealing 
at  58°C  for  30  s,  extension  at  72°C  for  45  s and  final  extension  at  72°C  for  5 min.  PCR  products  were  analyzed  by  1% 
(W/V)  agarose  gel  electrophoresis  in  0.5xTBE  buffer  with  ethidium  bromide  (5  pg  ml'1).  PCRproducts  were  then 
sequenced  by  In-silico  sequence  analysis  and  compared  with  the  National  Center  for  Biotechnology  Information  (NCBI) 
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database  using  the  BLAST  search  (http://blast.ncbi.nlm.nih.gov/Blast.cgiJ  and  the  best  match  of  resemblance  was  selected 
to  identify  the  bacterium. 

Effect  of  Metal  Concentration  on  Bacterial  Growth  and  Metal  Sorption 

The  selected  strain,  B.  licheniforrnis  was  tested  in  a co-relation  study  between  cell  growth  and  reduction  of  metals. 
Metal  resistant  isolate,  B.  licheniforrnis  was  inoculated  into  nutrient  broth  100  ml  in  250  ml  Erlenmeyer  flask 
(pH  7.0)  containing  different  concentrations  of  Pb,  Ni  (50  to  1800  mg  L"1)  and  Cu  (50  to  2500  mg  L *)  separately  (Table  1) 
and  incubated  for  72  h at  35°Cwith  orbital  shaking  (100  RPM).  The  inoculum  was  adjusted  to  2 x 105  CFU  ml"1  with  saline 
solution  and  2 ml  was  used  for  inoculation  and  the  blank  was  maintained  without  metals.  The  cell  density  was  determined 
by  measuring  optical  density  at  600  NM  using  UV/Vis.  Spectrophotometer  (Shimadzu,  UV-1800)  (Kim  et  al.  2012)  and 
the  metals  concentration  (Pb,  Ni  and  Cu)  were  estimated  by  AAS  (Atomic  Absorption  Spectrophotometer). 

Optimization  of  Physical  Parameters  for  Metal  Degradation 

Optimization  study  was  followed  asDhal  et  al.  (2010)  with  the  slight  modification,  the  reduction  of  metals 
(Pb,  Ni  and  Cu)  with  the  selected  strain  ( B . licheniforrnis)  was  carried  out  under  varying  physical  parameters  like  pH. 
temperature  and  incubation  time.  While  determining  optimum  pH.  the  pH  ranges  were  selected  5 to  8 by  keeping  the 
temperature  (35°C),  individual  metals  concentration  (100  mg  L'1)  and  incubation  time  (96  h)  constant.  For  determination  of 
optimum  incubation  time,  the  varying  incubation  time  was  from  24  to  168  h by  keeping  the  pH  (7.0)  and  temperature 
(35°C)  constant.  For  the  temperature  optimization  study  varied  temperature  range  was  considered  (20  - 50°C)  with 
constant  pH  (7.0)  and  time  (96  h).  In  the  optimization  experiments  100  mL  of  NB  medium  containing  the  desired  metal 
concentration  with  0.5%  glucose  taken  in  a 250  ml  Erlenmeyer  flask  and  it  was  inoculated  with  2 ml  of  inoculums 
separately.  The  inoculate  of  metal  resistant  strain  B.  licheniforrnis  was  adjusted  to  2 x 105  CFUml"1  with  saline  solution  and 
used  2 ml  for  all  the  flasks.  At  pre-determined  time  intervals,  1.0  ml  aliquots  were  drawn  from  the  each  flask  and 
centrifuged  (6000  RPM  for  10  min  at  10°C)  for  respective  metal  analysis  AAS.  Growth  of  the  bacteria  was  monitored  at 
definite  time  intervals,  by  measuring  the  optical  density  of  the  cultures  at  600  NM  (Kim  et  al.  2012)  using  UV-visible 
spectrophotometer  (Shimadzu,  UV-1800,  Japan). 

Media  Optimization  Studies 

The  media  optimization  was  carried  with  optimized  physical  parameters  in  a series  of  experiments  by  changing 
one  variable  media  constituent  at  a time  and  keeping  the  other  factors  constant.  Three  factors,  viz.,  glucose  as  carbon 
source,  nitrogen  source  and  M9  Minimal  Salt  solution  (MSS)  were  chosen  to  obtain  higher  percent  biosorption  of  metals 
(Pb,  Ni  & Cu).  For  evaluation  of  the  carbon  source,  glucose  was  added  as  a co-substrate  for  bio  sorption  in  varying 
concentrations  in  the  range  of  0,  5,  10,  20  and  30  ml  of  10%  glucose  per  100ml.  For  evaluation  of  nitrogen  sources, 
NaN03  was  employed  in  varying  concentration  range  of  0,  0.5,  1.0,  1.5  and  2 g L"1.  To  evaluate  the  effect  of  various 
inorganic  salts,  M9  MSS  was  employed  in  varying  concentration  range  of  0,  50,  100,  200  and  300  ml  L 1 by  keeping 
Carbon  and  nitrogen  sources  constant.  All  the  experiments  were  performed  in  triplicate  keeping  control  without  the 
bacterial  isolate  (Bhattacharya  and  Biswas  2014). 
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Characterization  of  Sorbed  Products  on  Cells 

Transmission  Electron  Microscope  (TEM)  is  performed  by  Jaafar  et  al.  (2016)  method  on  JEOL/JEM  2100 
microscope  with  an  accelerating  voltage  of  200  KV  and  a resolution  of  200  NM. 

Fourier  Transform  Infrared  Spectroscopy  (FT-IR)  was  used  to  determine  the  vibration  frequency  changes  in  the 
functional  groups  of  cellular  biomolecules  in  the  metal  bio  Sorbent  isolates.  Analysis  was  carried  according  to  Chen  and 
Yang  (2005)  with  slight  modifications.  Briefly,  two  isolates  were  cultured  under  optimized  conditions  in  the  presence  and 
absence  of  metals  (100  mg  L ')  individually.  At  the  exponential  stage  the  cultures  were  harvested  by  centrifugation  at  3000 
RPM  for  10  min  and  washed  three  times  to  remove  excess  metals  and  10  pi  of  the  sample  was  used  for  infrared  spectra  of 
B.  licheniformis  (Both  control  and  metal-loaded)  performed  in  the  wave  number  range  of  500-4000  cm"1  (Jasco  FTIR 
4100,  Japan). 

X-ray  Diffraction  (XRD)  analysis  was  performed  according  to  Shivashankarappa  and  Sanjay  (2015)  by  using 
powder  X-Ray  Diffractormeter  - Rigaku  SmartLab  3KM,  Japan  with  Cu-Ka  radiation,  intensities  was  recorded  from  10° 
to  80°  at  20  angles.  The  XRD  patterns  for  dry  powder  samples  of  B.  licheniformis  biomass  of  control  and  amended  with 
Pb,  Ni  and  Cu  (100  mg  L ')  was  recorded. 

Continuous-Flow  Soil  Reactor  Study  for  Isolate 

The  effective  bioremediation  efficacy  of  the  isolate  was  studied  for  the  heavy  metal  contaminated  soil  in  lab  scale, 
continuous  flow,  soil  reactor  was  followed  by  Jeyasingh  and  Philip  (2005)  with  the  modification  in  brief,  the  schematic 
diagram  of  the  4 L reactor  is  shown  in  the  Figure  9.  The  cylindrical  reactor  diameter  of  19  cm  was  made  up  of  3 mm  thick 
acrylic  glass  sheets  with  consisted  of  2 compartments,  the  top  compartment  was  of  height  20  cm  and  bottom  compartment 
of  height  5 cm  in  a common  diameter  which  is  to  collect  leachate.  The  individual  metal  contaminated  (1000  mg  kg"1)  soil 
of  3 kg  separately  was  sterilized  by  autoclaving  at  120°C  for  30  min,  and  then  enriched  with  nutrient  media  (1000  ml).  The 
soil  samples  were  mixed  with  50  g dry  weight  of  isolated  strains  in  separately.  And  the  individual  soil  mixture  was  loosely 
packed  in  to  top  compartment  to  the  height  of  15  cm  with  5 cm  free  boards  from  the  top  end  of  the  reactor.  The  physical 
parameters  were  maintained  as  per  the  previously  determined  optimum  values  (temperature  35°C,  pH  6.0,  7.0,  and  6.5  for 
Pb,  Ni  and  Cu  respectively,  with  mental  concentration  of  1000  mg  kg'1,  and  M9  MSS  media  with  10  ml  of  10%  glucose, 
100  ml  L 1 of  MSS  and  1.5  g L 'of  Nitrogen  source).  The  reactor  was  initially  incubated  for  48  handmineral  media  was 
made  to  flow  through  the  top  compartment  at  different  flow  rates  of  10,  20  and  30  ml  min"1  in  3 trials.  The  top  of  the  soil 
was  covered  with  sterilized  cotton  to  maintain  moisture.  24  h after  inoculation  the  2 g of  sample  was  collected  in  the 
interval  of  12  h from  the  sample  ports  and  from  bottom  compartment  leachate  was  collected.  The  collected  soil  samples 
and  leachate  was  analyzed  for  heavy  metal  concentration  by  AAS  to  determine  the  bio  sorption  efficacy  of  isolating. 

RESULTS  AND  DISCUSSIONS 

Isolation  and  Identification  of  Metal  Tolerant  B.  Licheniformis 

Soil  samples  of  KGF  Iron  mine  were  collected  and  characterized  as  described  in  our  earlier  work  Akshathaet  al. 
(2014).  27  bacterial  strains  were  isolated  by  serial  dilution  and  sub  cultured  on  Nutrient  agar  plates.  In  order  to  determine 
their  metal  degrading  properties  and  tolerance  for  heavy  metals  (Pb,  Ni  and  Cu),  preliminarily  all  the  27  strains  were 
maintained  in  agar  plates  amended  with  all  three  metals  (Pb,  Ni,  & Cu)  individually  (100  mg  L"1). 
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Among  these  27  isolated  bacterial  strains,  6 strains  were  shown  tolerance  as  well  as  metal  degradation  property  for  all  the 
three  metals.  Further,  these  6 strains  were  named  (SI,  S2,  S3,  S4,  S5  and  S6),  morphological  characterization  such  as  a 
colony  and  cell  morphology.  Gram-reaction,  motility,  etc.  was  carried  by  methods  as  described  by  Ghoshet  al.  (2006). 
Physiological  and  biochemical  tests  were  carried  out  according  to  the  standard  protocols  described  inBergey’s  Manual  of 
Systematic  Bacteriology  (Krieget  al.  1984). 

Further,  all  six  strains  were  eventually  chosen  for  evaluation  of  their  metal  resistance  performance 

Initial  heavy  metal  concentration  in  the  native  soil  residue  was  analyzed  in  AAS  method.  This  analysis  showed 
the  presence  of  heavy  metals  in  high  concentration  (Akshatha  et  al.  2014).  Among  all  heavy  metals  present  in  the  native 
soil  residue,  three  heavy  metals  (Pb,  Ni  and  Cu)  were  selected  for  the  further  bioremediation  study.  These  three  heavy 
metals  selected  were  found  to  be  in  high  concentration  in  the  study  site  and  leads  to  cause  major  health  and  environmental 
hazards.  Spiking  of  the  selected  heavy  metals  was  carried  out  depending  on  the  initial  concentration  of  the  heavy  metals 
that  were  found  in  the  native  K.G.F  mine  soil.  The  selected  heavy  metal  concentrations  were  spiked  using  respective  salts 
for  the  desired  concentration.  The  heavy  metal  concentration  of  copper  was  spiked  up  to  the  concentration  of  3000  mg  L 
'using  copper  sulphate.  The  heavy  metal  concentration  of  Nickel  was  spiked  up  to  the  final  concentration  of  1500  mg  L 1 
using  Nickel  Chloride.  The  concentration  of  Lead  was  spiked  up  to  the  final  concentration  of  2000  mg  L'1  using  Lead 
Sulphate. 

All  six  bacterial  isolates  were  exhibited  high  tolerance  to  all  three  metals  (Cu  > Pb  > Ni)  particular  strain  S4 
exhibited  high  tolerance  to  all  three  metals  i.e.,  copper  up  to  2166  + 57.73mg  L 1 and  second  highest  resistance  to  lead  and 
followed  by  Nickel  i.e.,  1685  ± 115.47mg  L-l  and  1246  ± 57.73mg  L"1  respectively  (Table  1).  The  metal  resistant 
bacterial  isolates  identified  in  this  study  were  of  three  gram  positive  and  three  Gram-negatives,  these  groups  that  has  been 
often  found  in  metal  polluted  soils  (Piotrowska  et  al.  2005,  Brim,  et  al.  1999,  Kozdro  and  Van  2000).  Based  on  the 
morphological  and  biochemical  studies  of  isolates,  the  metal-tolerant  Gram-negative  bacteria  in  these  studies  belonged  to 
Pseudomonas,  E coli  and  Klebsiella;  whereas  Gram  +ve  strains  belongs  to  Bacillus,  Clostridium  and  Micrococcus  (Table 
2).  The  present  study  suggests  that  the  microorganisms  tolerant  to  metals  appear  to  be  the  result  of  exposure  to  metal 
contaminated  environment,  which  is  fairly  consistent  with  gram  positive  followed  by  gram  negative.  The  Isolates  were 
found  to  be  tolerant  to  different  concentrations  of  all  heavy  metals,  whereas  the  aboriginal  bacterial  mass  showed  very  less 
tolerance,  i.e.,  433  + 57.73,  166  ± 57.73  &566  ± 57.73  for  Pb,  Ni,  and  Cu  respectively,  when  compared  to  all  isolates 
(Table  1),  this  indicates  there  is  need  of  isolation  and  evaluation  of  efficient  strains  in  the  contaminated  site.  Based  on  this 
metal  tolerance  performance  the  strain  S4  was  selected  for  further  optimization  of  physical  and  chemical  parameters  to 
evaluation  of  metal  degrading  performance  and  identified  by  16S  rDNA  method. 

The  amplified  16S  rDNA  gene  using  polymerase  chain  reaction  resulted  in  a single  discrete  band  of  a 1.5  kb  size 
in  agarose  gel.  This  amplified  PCR  product  wasBLAST  searched  against  the  NCBI  Genbank  database.  Based  on  nucleotide 
homology,  the  isolate  showed  the  highest  similarity  (100.0%)  with  B.  licheniformis  (Genbank  accession  number 
HE993550.1).  The  identified  strain  B.  licheniformiswhich  was  used  in  this  study  was  evaluated  for  metal  absorption 
followed  by  Zouboulis  (2004)  from  polluted  soil  for  treatment  of  cadmium  and  chromium  polluted  water  and  wastewater 
streams  and  the  results  showed  good  preliminary  metal  removal  properties. 
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Effect  of  Metal  Concentration  on  Bacterial  Growth  and  Biosorption 

The  response  of  metals  on  the  growth  of  gram  positive  bacteria  ( B licheniformis)  and  its  metal  reduction  capacity 
studies  was  carried  out  using  nutrient  broth  medium  with  lower  metal  concentration  to  higher  metal  concentration.  In  the 
nutrient  broth  media  amended  with  lower  metal  concentration  of  50  mg  L no  significant  negative  effects  of  the  metals  on 
the  bacterial  growth  were  observed  when  compared  to  the  control  (without  metal).  Thus,  Pb,  Ni  and  Cu  at  50  mg  L4  had  no 
significant  inhibitory  effects  on  the  growth  responses  of  mining  soil  aerobic  gram  positive  bacteria.  Simultaneously  the 
absorption  of  Pb,  Ni  and  Cu  at  lower  concentration  had  significant  effects,  100%  of  all  metals  were  taken  up.  However,  the 
rate  of  biosorption  was  significantly  decreases  with  increasing  metal  concentrations.  The  microbial  mass  decreased  with  an 
increase  in  the  concentration  of  all  the  three  heavy  metals,  but  final  concentration  varies  with  individual  metal  when 
compared  to  the  control  (without  metal),  this  indicated  the  toxic  effect  of  the  heavy  metals  on  the  growth  of 
microorganisms  and  this  is  obvious  phenomena  (Figure  1).  This  drastic  decrease  in  microbial  density  caused  by  increased 
levels  of  all  three  heavy  metals  was  found  in  this  study  is  in  agreement  with  Kikovic  (1997)  and  Anyanwu  et  al.  (2011). 

It  has  been  reported  (Rathnayake  et  al.  2009)  that  different  bacterial  strains  exhibited  different  growth  rates  in  the 
presence  of  different  heavy  metals  concentration.  Ahmad  et  al.  (2005)  shown  that  the  toxic  effect  of  the  heavy  metals  was 
concentration  and  time  dependent  for  each  group  of  soil  organisms.  There  is  no  any  specific  toxicity  was  observed  against 
these  diverse  microbial  groups  (Anyanwu  et  al.  2011).  Thus,  in  this  study,  we  found  that  the  obtained  microbial  biomass 
during  the  absorption  process,  represents  the  different  heavy  metal  has  a different  final  concentration  of  bacteria. 
It  is,  therefore,  reasonable  to  assume  that  this  metal  resistant  bacteria  form  a larger  part  of  the  total  bacterial  population  at 
elevated  levels  of  metal  contamination  of  soil  when  compared  to  control. 

Optimization  of  Physical  Parameters  for  Metal  Degradation 

In  order  to  determine  optimum  pH  value  for  biosorption  for  isolate,  experiment  with  different  range  of  pH  (5.0  - 
8.0)  with  constant  temperature  and  time  was  conducted.  The  biosorption  capacities  for  each  metal  increased  with  an 
increase  in  pH  and  the  optimum  biosorption  occurred  at  pH  6 for  Pb,  pH  6.5  for  Cu  and  at  pH  7 for  Ni.  Oveset  al.  (2013) 
has  reported  the  same  optimum  pH  for  lead  and  nickel  but  pH  6.0  for  copper  biosorption  from  gram  positive  bacteria 
( Bacillus  thuringiensis).  This  different  pH  values  in  biosorption  of  different  heavy  metals  by  B.  licheniformis  biomass 
could  be  due  to  the  differences  in  the  sensitivity  of  cell  wall  molecules  to  pH.  Previous  literature  reveals  that  the  higher  pH 
value  for  Ni  is  may  be  due  to  the  presence  of  ligands  like  carboxyl,  phosphate,  imidazole  and  amino  groups  (Pardo  et 
al.2003)  and  lower  pH  value  for  Cu  and  Pb  may  be  due  to  their  physiological  properties  (Sar  et  al.  1999;  Ok  et  al.  2007) 
(Figure  2). 

The  temperature  of  the  medium  plays  an  important  role  for  energy  dependent  metal  sorption  by  the  bacterial  cells. 
Temperature  is  known  to  affect  the  stability  of  the  cell  wall  molecules,  and  hence  it  may  cause  ionization  of  chemical 
moieties  present  in  the  cell  wall  (Congeevaramet  al.  2007).  In  this  regard  the  temperature  may  simultaneously  affect  the 
binding  sites  on  isolated  and  causing  variation  in  heavy  metal  removal  capacity  for  the  isolate. 


Energy-independent  mechanisms  at  the  binding  sites  are  may  be  less  likely  to  be  affected  by  temperature,  and 
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hence  the  process  which  responsible  for  biosorption  are  largely  physiochemical  in  nature  (Bayramogluet  al.2003). 
Biosorption  of  Pb,  Ni  and  Cu  by  the  isolated  bacterial  species  in  this  study  was  appears  to  be  temperature  dependent. 

In  the  studied  temperature  range  (20-50°C),  the  extent  of  Pb,  Ni  and  Cu  (100  mg  L_1  at  pH  7in  96  h)  rate  of 
biosorption  increased  with  increase  in  temperature  and  at  a certain  temperature  it  starts  decreased  (Table.  3).  Interestingly, 
it  was  observed  that  all  the  metals  were  taken  almost  same  optimum  temperature  for  reduction,  i.e.,  at  35°C  the  maximum 
absorption  of  86.33  + 3.29%  for  Pb,  74  ± 3.26%  for  Ni  and  77.66  + 2.49%  for  Cu  in  comparison  with  lower  and  higher 
temperatures  (Figure  2).  Okeke  et  al.  (2008)  also  reported  a similar  optimal  temperature  for  growth  and  Cr  (VI)  reduction 
with  Bacillus  sp.  Isolated  from  soil.  The  variation  of  rate  of  biosorption  with  respect  to  temperature  is  also  consistent  with 
the  fact  that  normal  growth  is  observed  at  ~ 37°C,  there  is  no  biosorption  is  observed  during  the  entire  time  course  in 
controls  (without  bacterial  cells). 

Incubation  time  is  also  an  important  physical  parameter  of  an  absorption  process  of  Pb,  Ni  and  Cu,  by  B. 
licheniformis  biomass.  The  rate  of  heavy  metal  biosorption  was  increasing  with  increasing  time;  this  may  due  to  high 
affinity  of  free  metal  ion  binding  sites  on  bio  sorbent  but  after  optimum  time  the  rate  of  biosorption  slowed  and  reached  to 
equilibrium  (Oveset  al.,  2013).  In  this  study  the  initially  sorption  rate  was  accelerated  from  0 h and  at  certain  time  moved 
to  equilibrium  and  that  time  can  be  considered  as  an  optimum  time  required  to  sorption  of  heavy  metals  by  B. 
licheniformis.  Our  experimental  data  showed  the  order  of  biosorption  rate  was  Pb  > Ni  > Cu  (Figure  2).  Similarly  Gabr  et 
al.(2008)  reported  the  biosorption  of  Ni  > Pb  by  Pseudomonas  aeruginosa  a gram  negative  strain,  this  difference  may  be 
due  to  structural  conformation  of  cell  wall  molecules. 

Media  Optimization  Studies 

As  per  the  previous  literature  the  growth  rate  of  microorganism  is  dependent  on  the  media  compositions,  on  the 
other  hand,  rate  of  biosorption  is  very  much  dependent  on  the  microbial  biomass  (Puranik  and  Paknikar  1999;  Mapolelo 
and  Torto  2004;  Bhattacharya  and  Biswas  2014).  With  reference  to  this  the  effect  of  three  factors  i.e..  Carbon  source, 
nitrogen  source  and  MSS  of  nutrient  supplements  were  made  to  evaluate  the  biosorption  efficacy  of  B.  licheniformis.  The 
experimental  design  matrix  and  the  result  output  for  the  three  factors  for  three  metals  are  presented  in  Figure  3,  4 and  5. 

Effect  of  glucose:  As  shown  in  Figure  3,  the  growth  rate  of  biomass  in  the  presence  of  all  the  three  metals  increase 
with  increase  in  glucose  concentration  and  at  certain  concentration  (20  ml  of  10%  glucose  100  ml1)  gradually  decreases 
due  to  hypertonic  effect.  The  data  show  that  concentrations  of  glucose  (0-1%)  resulted  in  around  30-40%  increase  in  the 
metal  uptake  by  the  isolate,  i.e.,  at  1%  (10  ml  of  10%)  glucose,  the  maximum  uptake  achieved  is  88.3+3.5%  for  Pb, 
73±3.6%  for  Ni  and  79+2%  for  Cu.  In  correlation  to  growth  rate  the  sorption  was  increased  with  increasing  growth,  this 
occurs  only  up  to  10  ml  (1%)  of  glucose  thereafter  the  sorption  rate  decreases  even  though  increasing  in  growth  up  to  20 
ml  (2%).  The  trend  exhibited  by  the  isolate  might  suggest  that  the  mechanism  of  uptake  is  similar  to  those  of  the  all  the 
three  metals  as  the  uptake  decreased  by  almost  20%  following  a treatment  by  3%  glucose.  Glucose  as  a simple  alternative 
carbon  source  in  the  media  supplement  can  enhance  biodegradation  of  recalcitrant  compounds  due  to  its  tendency  to 
improve  cell  growth  (Bhattacharya  and  Biswas  2014).  Also  Stoll  and  Duncan  (1996)  demonstrated  that  treatment  of  yeast 
cells  with  glucose  resulted  in  an  increase  in  the  removal  of  Pb,  Cu,  Cd,  Ni  and  Zn,  from  electroplating  effluents. 
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MSS:  Figure  4 depicts  the  maximum  percentage  of  heavy  metal  biosorption  with  varied  concentration  of  MSS  is 
at  100  ml  L"1.  The  optimum  level  of  absorption  of  Pb  is  81+6%,  Ni  95.3  ±2.  5%  and  Cu  is  78.6+4%  was  observed  at  100 
ml  L4.  It  was  observed  that  the  growth  of  the  bacterial  strain  increased  with  increasing  concentrations  of  MSS  and  the 
maximum  biomass  was  obtained  up  to  200  ml  L4  i.e.,  2.3,  1.5  and  2.1  OD  for  Pb,  Ni  and  Cu  respectively  (Figure  4).  And 
this  was  probably  due  to  its  hypertonic  effect  of  salt  solutions. 

The  maximum  percentage  of  heavy  metal  sorption  achieved  by  varied  concentration  of  nitrogen  is  same  for  all  the 
three  metals  and  it  is  1.5  g L . The  obtained  highest  sorption  was  found  to  be  85±5.0%  for  Pb,  66+4.5%  of  Ni  and  67± 
4.7%  for  Cu  (Figure  5).  The  concentration  of  nitrogen  in  medium  varied  from  0.0  to  2.0  g L ’and  there  was  considerable 
increase  in  the  biomass  as  well  as  sorption  of  metals  simultaneously,  the  maximum  biomass  were  also  obtained  at  1 .5  g L 
’of  nitrogen. 

Characterization  of  Sorbed  Products  on  Cells 

Figure  3A  shows  the  cells  of  B.  licheniformis  before  interaction  with  metals  while  Figure  3B,  3C  and  3D  shows 
the  bacteria  after  exposure  to  Pb,  Ni  and  Cu.  Metals  were  mostly  seen  on  the  cell  wall,  in  all  the  three  metal  trials,  it  looks 
almost  like  a crust  around  the  cell.  The  cellular  localization  of  the  metals  bound  by  the  cells  was  located  mainly  within  the 
cell  wall.  Sinha  and  Mukherjee  et  al.  (2009)  showed  that,  gram  positive;  especially  Bacillus  sp.  Cell  wall  components  with 
phosphate  residues  i.e  polysaccharides,  techies  and  teichuronic  acids  or  phospholipid  layers  of  the  membranes  can  bind 
more  heavy  metals.  The  results  of  the  present  study  also  showed  changes  in  morphology  i.e.,  shrunken,  and  distorted  cell 
wall  in  the  presence  of  Cu  and  depressions  in  the  presence  of  Pb  and  Ni  and  also  the  size  of  isolating  which  exposed  to 
heavy  metals,  these  changes  may  due  to  cell  surface  bounded  with  metals.  Various  factors  may  be  responsible  for  such 
alterations  in  cell  surface  morphology  of  microbial  biomass  in  the  presence  of  heavy  metals  (Jaafar  et  al.  2016). 

The  patterns  of  FTIR  spectra  (500-4000  cm4)  for  the  native  and  metal  loaded  B.  licheniformis  biomass  are 
presented  in  Figure  6.  Based  on  the  principle  of  FTIR,  binding  of  metal  ions  by  the  microbial  cells  is  largely  on  the 
functional  groups  of  bacterial  cell  walls  which  are  made  up  of  macromolecules.  The  characterization  of  infrared  spectra 
was  based  on  the  literature  (Oves  et  al.  2013;Jeyakumar  and  Chandrasekaran2013;  Giotta  et  al.  2011;  Sar  et  al.  1999;  Chen 
and  Yang  et  al.  2005)  that  revealed,  peaks  originated  at  wave  number  around  3300  cm4,  2350  cm4,  1650  cm4,  1200  cm4 
and  750  cm4  were  believed  to  be  hydroxyl  and  or  amine,  alkyl  and  CHO,  C=0  of  amide  groups,  COO-  and  P-0  groups 
respectively.  Furthermore,  the  IR  spectral  peaks  of  the  metal  loaded  biomass  varied  with  the  unloaded  (blank)  biomass; 
similarly  the  different  metals  spectral  band  frequency  variance  with  each  other  (Figure  6). 

The  IR  spectra  revealed  a stretching  of  bands  appearing  at  3314  cm4  in  blank,  to  3306,  3299  and  3285  cm4  which 
was  attributed  to  the  interaction  of  sorbed  metals  Pb,  Ni  and  Cu  respectively  with  hydroxyl  and  amide  groups. 
Additionally,  stretching  of  bands  observed  at  2361  cm4  of  blank  to  2355,  2348  and  2354  cm4  after  biosorption  of  Pb,  Ni 
and  Cu  respectively  and  this  could  be  due  to  the  metal  ions  were  sorbed  on  the  carbon  adsorbents  similar  as  reported  by 
Jeyakumar  and  Chandrasekaran  (2013).  Likewise,  clear  shifts  from  wavenumber  1647  cm4  to  1633  cm4  for  Pb  added, 
broadening  of  peak  and  stretching  to  1639  for  Ni  added  and  1640  cm4  after  addition  of  Cu  was  due  to  involvement  of  C=0 
groups  on  the  surface  of  the  carbon  adsorbents.  The  peak  located  at  1222  cm4  in  the  blank  has  shifted  to  1214  cm4  with 
the  addition  of  Pb,  Ni  and  Cu  which  were  represented  that  the  metal  ion  interaction  with  acetate  groups. 
There  is  a stretching  of  bands  from  767  cm4  to  768,  780,  774  cm4  with  the  addition  of  Pb,  Ni  and  Cu  respectively,  this 
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indicates  the  possibilities  of  metals  interaction  with  phosphate  moiety  in  the  cell  wall  components.  Interestingly,  at  wave 
number  659  cm4  inverting  the  peak  intensity  and  stretching  to  674,  667  and  680  cm"1  was  due  to  the  loading  effect  of  Pb, 
Ni  and  Cu  respectively,  and  these  broadenings  can  be  explained  by  the  involvement  of  sulfate  ions,  the  same  has  been  in 
agreement  with  Jeyakumarand  Chandrasekaran  (2013)  (Figure  6). 

The  differences  of  peak  intensity  in  the  metal  loaded  biomass  were  substantially  lower  than  the  unloaded  bacterial 
biomass.  These  changes  suggest  that  the  stretching  of  bands  occurs  to  a lesser  degree  due  to  the  presence  of  metals  and 
therefore,  peak  transmittance  is  consequently  reduced.  Conclusively,  overall  variability  in  spectra  following  adsorption  of 
the  metal  ions  validated  the  contribution  of  functional  groups  present  on  cell  wall  with  metal  binding. 

The  powder  XRD  patterns  of  isolating  grown  with  the  addition  of  metals  (Pb,  Ni  and  Cu)  and  control  without 
metals  in  NB  media  are  shown  in  Figure  6 and  represents  further  insight  of  sorbet  products.  It  is  evident  that  the  sharp  peak 
of  the  bacterial  mass  in  the  absence  of  metals  has  disappeared  in  the  XRD  patterns,  whereas  in  metals  added  bacterial  cells 
and  several  intensity  peaks  appear,  thus  indicating  the  formation  of  poorly  crystalline  end  product.  The  sharp  peaks  of  20 
values  at  30  in  Pb  added,  and  22  in  Ni  and  Cu  added  do  not  match  with  control.  This  is  in  agreement  with  the  results 
reported  by  (Jaafar  et  al.  2016;  Dhal  et  al.  2010),  and  this  may  suggest  that  Pb,  Ni  and  Cu  immobilized  on  the  surface  of  B. 
licheniformis. 

Continuous-Flow  Soil  Reactor  Study 

The  reactor  was  constituted  and  ran  first  for  control  (without  metals)  with  mineral  media,  then  all  metals 
separately  without  bacterial  strain  aseptically.  Further  for  test  runs  the  reactor  received  1000  ml  of  mineral  medium 
stacking  for  48  h then  on  continuous  flow  of  medium  with  different  flow  rates  of  10,  20  and  30  ml  min"1  in  three  trials 
further  the  sample  at  different  sample  ports  and  leachate  was  collected  for  every  12  h and  then  analyzed  for  metal 
concentrations  (Figure  9). 

The  performance  of  reactor  with  respect  to  time  and  flow  rate  at  standardized  conditions  is  presented  in  Figure  10. 
Here  results  depicted  that  the  rate  of  sorption  was  depended  on  both  time  and  flow  rate  and  also  showed  different  rate  of 
sorption  for  individual  metals  with  respect  to  time  and  flow  rate.  Maximum  biosorption  of  Pb  was  up  to  86  ± 5%  at  192  h, 
82  + 8%  at  144  h and  80  ± 5%  at  120  h in  media  flow  rate  of  10,  20  and  30  ml  min"1  respectively,  likewise  nickel  was 
sorbed  up  to  77  ± 8%  at  240  h,  74  ± 5%  at  192  h and  72  ± 6%  at  168  h with  medium  flow  rate  of  10,  20  and  30  ml  min"1 
respectively.  Similarly  maximum  sorption  of  Cu  was  achieved  up  to  80  ± 6%  at  216  h,  78  + 8%  at  192  h and  78  ± 5%  at 
144  h with  flow  rate  of  10,  20  and  30  ml  min'1.  Rest  of  the  metal  concentration  approximately  was  found  to  be  at  leachate 
in  all  the  trials  and  negligible  quantity  was  adsorbed  with  soil  particles. 

Based  on  the  result,  it  is  shown  that  among  three  metals  Pb  is  maximum  sorbed  in  shortest  time  fallowed  by  Cu 
and  Ni;  comparatively  it  is  similar  order  of  metals  sorbed  with  batch  studies  in  NB  medium(without  soil).  But  final 
quantity  of  sorption  is  lesser  in  reactor  studies,  this  may  due  to  the  efficiency  of  strain  in  soil  is  lesser  because  of  metal 
adsorbed  to  soil  particles  was  not  available  to  bacterial  cells  and  also  some  amount  of  metals  leached  out  along  with  the 
mineral  medium.  Figure  lOshows  at  lower  flow  rate  of  medium  total  percent  of  sorption  is  slight  more  but  with  increasing 
flow  rate  to  20  ml  min"1  the  percent  sorption  decreasing  slightly  with  shorter  duration  and  at  30  ml  min"1  the  rate  of  sorption 
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reaches  constant,  hence  by  this  we  can  consider  the  optimum  flow  rate  as  20  ml  min'1  for  all  the  three  metals.  Whereas 
optimum  time  to  reach  maximum  sorption  to  three  metals  weredifferent  I.e.,  144  h for  Pb  and  Cu  and  192  h for  Ni. 

CONCLUSIONS 

The  present  study  focuses  on  the  ability  of  bacterial  strains  isolated  from  metal  contaminated  mining  site  to 
biosorption  of  Pb,  Ni  and  Cu.  In  the  native  bacterial  community  B licheniformis  was  selected  for  batch  studies  to  optimize 
initial  metal  concentration,  physical  parameters  and  media  components.  Further  the  experiment  was  extended  to  continuous 
flow  bioreactor  with  soil  was  carried  out  to  study  the  biosorption  pattern  to  Pb,  Ni  and  Cu  in  mining  soil.  The  growth 
pattern  of  B licheniformis  in  the  presence  of  metals  is  showed  Cu  > Pb  > Ni  and  the  metal  sorption  capacity  was  found  to 
be  Pb  > Cu  > Ni.  The  metal  sorption  on  the  surface  of  bacterial  cells  was  evidenced  by  TEM,  FTIR  and  XRD  studies. 
The  biomass  of  metal  tolerant  B.  licheniformis  successfully  removed  the  metals  such  as  Pb,  Ni  and  Cu  from  soil 
in  a laboratory  scale  bioreactor.  The  maximum  biosorption  occurred  for  Pb  is  86  ± 5%  at  192  h,  82  ± 8%  at  144  h,  and  80  ± 
5%  at  120  h with  flow  rate  of  10,  20  and  30  ml  min-1  respectively  similarly  for  Ni  results  showed  77  ± 8%  at  240  h,  74  ± 
5%  at  192  h and  72  ± 6%  at  168  h with  flow  rate  of  10,  20  and  30  ml  min-1  respectively  and  for  Cu  it  showed  80  ± 6%  at 
216  h,  78  + 8%  at  192  h and  78  ± 5%  at  144  h with  flow  rate  of  10,  20  and  30  ml  min-1  respectively.  This  study  validates 
that  the  biomass  of  B.  licheniformis  could  be  a highly  efficient  reliable  biosorbing  agent  for  effectively  removing  heavy 
metals  from  contaminated  soil  environment. 

REFERENCES 

1.  Ahmad,  I.,  Hayat,  S.,  Ahmad,  A.,  and  Inam,  A.  2005.  Effect  of  heavy  metal  on  survival  of  certain  groups  of 
indigenous  soil  microbial  population../.  Appl.  Sci.  Environ.  Mgt.  9(1):  1 15  - 121. 

2.  Akshata  Jain,  N.,  Udayashankara,  T.H.,  and  Lokesh,  K.S.  2014.  Bioremediation  of  Heavy  Metals  using  Mixed 
Bacterial  Culture  from  contaminated  Soil  of  Abandoned  Kolar  Gold  Mine  Residue./.  J. E.R.T.  3(8): 

3.  Aleem,  A.,  Isar,  I.,  and  Malik,  A.  2003.  Impact  of  long-term  application  of  industrial  wastewater  on  the 
emergence  of  resistance  traits  in  Azotobacter  chroococcum  isolated  from  rhizospheric  soil.  Bioresour.  Teclmol. 
86(  1):7- 13. 

4.  Anyanwu,  C.  U.,  Nwankwo,  S.  C.,  and  Moneke,  A.  N.  2011.  Soil  bacterial  response  to  introduced  metal  stress. 
Int.  J.  Basic  Appl.  Nc/.  1 1 (1):  109- 1 15. 

5.  Bayramoglu,  G.,  Bektas,  S.,  and  Anca,  M.  Y.  2003.  Biosorption  of  heavy  metal  ions  on  immobilized  white-rot 
fungus  Trametes  versicolor  J.  Hazard.  Mater.  101(3):285-300. 

6.  Beveridge,  T.  I.  1989.  Role  of  cellular  design  in  bacterial  metal  accumulation  and  mineralization. 
Annu.  Rev.  Microbiol.  43:147-171. 

7.  Bhattacharya,  M.,  and  Biswas,  D.  2014.  Enhancement  of  waste  engine  oil  biodegradation  by  optimization  of 
media  using  factorial  design  study.  Indian  J Biotechnol.  13:293-300. 


Impact  Factor(JCC):  3.8965-  This  article  can  be  downloaded  from  www.impactiournals.us 


Akshatha  Jain  N,  Udayashankara  T H,  K S Lokesh  & Sudarshan  B L 


24 


8.  Dhal,  B.,  Thatoi,  H.,  Das,  N.,  and  Pandey,  B.  D.  2010.  Reduction  of  hexavalent  chromium  by  Bacillus  sp.  isolated 
from  chromite  mine  soils  and  characterization  of  reduced  product.  J.  Chem.  Technol.  Biotechnol.  85(11):  1471- 
1479. 

9.  Brim,  H.,  Heuer,  H.,  Krogerrecklenfort,  E.,  Mergeay,  M.,  and  Smalla,  K.  1999.  Characterization  of  the  bacterial 
community  of  a zinc-polluted  soil.  Can.  J.  Microbiol.  45(4):326-338. 

10.  Bruins,  M.  R.,  Kapil,  S.,  and  Oehme,  F.  W.  2000.  Microbial  resistance  to  metals  in  the  environment.  Ecotoxicol. 
Environ.  Saf.  45(3):  198-207. 

1 1.  Chen,  J.  P.,  and  Yang,  L.  2005.  Chemical  modification  of  Sargassum  sp.  for  prevention  of  organic  leaching  and 
enhancement  of  uptake  during  metal  biosorption,  lnd.  Eng.  Chem.  Res.  44(26):993 1-9942. 

12.  Congeevaram,  S.,  Dhanarani,  S.,  Park,  J.,  Dexilin,  M.,  and  Thamaraiselvi,  K.  2007.  Biosorption  of  chromium  and 
nickel  by  heavy  metal  resistant  fungal  and  bacterial  isolates.  J.  Hazard.  Mater.  146(l):270-277. 

13.  Da  Costa,  A.  C.  A.  1999.  Chemical  interactions  between  mercurial  species  and  surface  biomolecules  from 
structural  components  of  some  biological  systems.  In  Mercury  Contaminated  Sites  (159-178).  Springer  Berlin 
Heidelberg. 

14.  Davis,  T.  A.,  Volesky,  B.,  and  Mucci,  A.  2003.  A review  of  the  biochemistry  of  heavy  metal  biosorption  by 
brown  algae.  Water  Res.  37(  1 8):43 1 1-4330. 

15.  Colak,  F.,  Atar,  N.,  Yazicioglu,  D.,  and  Olgun,  A.  2011.  Biosorption  of  lead  from  aqueous  solutions  by  Bacillus 
strains  possessing  heavy-metal  resistance.  Chem.  Eng.  J.  173(2):422-428. 

16.  Gabr,  R.  M.,  Hassan,  S.  H.  A.,  and  Shoreit,  A.  A.  M.  2008.  Biosorption  of  lead  and  nickel  by  living  and  non- 
living cells  of  Pseudomonas  aeruginosa  ASU  6a.  Int.  Biodeterior.  Biodegrad.  62(2):  195-203. 

17.  Gadd,  G.  M.  2009.  Biosorption:  critical  review  of  scientific  rationale,  environmental  importance  and  significance 
for  pollution  treatment.  J.  Chem.  Technol.  Biotechnol.  84(1):  13-28. 

18.  Ghosh,  A.,  Paul,  D.,  Prakash,  D.,  Mayilraj,  S.,  and  Jain,  R.  K.  2006.  Rhodococcus  imtechensis  sp.  nov.,  a 
nitrophenol-degrading  actinomycete.  Int.  J.  Syst.  Evol.  Microbiol.  56(8):  1965- 1969. 

19.  Giotta,  L.,  Mastrogiacomo,  D.,  Italiano,  F.,  Milano,  F.,  Agostiano,  A.,  Nagy,  K.,  Ludovico  V and  Trotta,  M.  2011. 
Reversible  binding  of  metal  ions  onto  bacterial  layers  revealed  by  protonation-induced  ATR-FTIR  difference 
spectroscopy.  Langmuir,  27(7):3762-3773. 

20.  International  Programme  on  Chemical  Safety  (IPCS).  World  Health  Organization.  Environmental  Health  Criteria, 
1998.  171. 

21.  Jaafar,  R.,  Al-Sulami,  A.,  Al-Taee,  A.,  Aldoghachi,  F.,  and  Napes,  S.  2015.  Biosorption  and  bioaccumulation  of 
some  heavy  metals  by  Deinococcus  Radiodurans  isolated  from  soil  in  Basra  Governorate-Iraq.  J.  Biotechnol. 
Biomater.  5:190. 


NAAS  Rating:  2.73-  Articles  can  be  sent  to  editor @impactjournals.us 


Bioremediation  of  Lead,  Nickel  and  Copper  by  Metal  Resistant  Bacillus  Licheniformis  25 

Isolated  from  Mining  Site:  Optimization  of  operating  Parameters  Under  Laboratory  Conditions 

22.  Jaafar,  R.,  Al-Sulami,  A.,  Al-Taee,  A.,  Aldoghachi,  F.,  Suhaimi,  N.,  and  Mohammed,  S.  2016.  Biosorption  of 
some  Heavy  Metals  by  Deinococcus  radiodurans  Isolated  from  Soil  in  Basra  Governorate-Iraq.  J Bioremediat 
Biodegrad.  7:332.  doi:  10.4172/2155  6199.1000332 

23.  Jeyakumar,  S.,  and  Chandrasekaran,  V.,  2013.  SEM,  FTIR  and  XRD  Studies  for  the  Removal  of  Cu  (II)  from 
Aqueous  Solution  Using  Marine  Green  Algae.7.  Global  Research  Analysis  2(1 1):2277-8160. 

24.  Jeyasingh,  J.,  and  Philip,  L.  2005.  Bioremediation  of  chromium  contaminated  soil:  optimization  of  operating 
parameters  under  laboratory  conditions.  J.  Hazard.  Mater.  1 18(1):  11 3- 120. 

25.  Kikovic,  D.  D.  1997.  Influence  of  heavy  metals  emitted  by  thermoelectrical  power  plants  and  chemical  industry 
on  Kosovo  soils  microflora  [Yugoslavia]. [A  short  version  of  doctoral  dissertation].  Review  of  Research  Work  at 
the  Faculty  of  Agriculture  ( Yugoslavia ). 

26.  Kim,  D.  J.,  Chung,  S.  G.,  Lee,  S.  H.,  and  Choi,  J.  W.  2012.  Relation  of  microbial  biomass  to  counting  units  for 
Pseudomonas  aeruginosa.  Afr.  J.  Microbiol.  Res.  6(21):4620-4622. 

27.  King,  P.,  Rakesh,  N.,  Beenalahari,  S.,  Kumar,  Y.  P.,  and  Prasad,  V.  S.  R.  K.  2007.  Removal  of  lead  from  aqueous 
solution  using  Syzygium  cumini  L.:  equilibrium  and  kinetic  studies.  J.  Hazard.  Matter.  142(l):340-347. 

28.  Kozdroj,  J.,  and  van  Elsas,  J.  D.  2000.  Response  of  the  bacterial  community  to  root  exudates  in  soil  polluted  with 
heavy  metals  assessed  by  molecular  and  cultural  approaches.  Soil  Biol.  Biochem.  32(10):  1405-1417. 

29.  Krieg,  N.  R.  and  Garrity,  G.  M.  2001.  On  using  the  manual.  In  D.R.  Boone,  R.W.  Castenholz,  and  G.M.  Garrity 
(eds),  Bergey’s  Manual  of  Systematic  Bacteriology,  2nd  edn,  Vol.  I,  pp.  15-19.  Springer-Verlag  New  York 

30.  Lloyd,  J.  R.,  and  Lovley,  D.  R.  2001.  Microbial  detoxification  of  metals  and  radionuclides.  Curr.  Opin. 
Biotechnol.  12(3):248-253. 

31.  Mapolelo,  M.,  and  Torto,  N.  2004.  Trace  enrichment  of  metal  ions  in  aquatic  environments  by  Saccharomyces 
cerevisiae.  Talanta.  64(l):39-47. 

32.  Matyar,  F.,  Kaya,  A.,  and  Dinqer,  S.  2008.  Antibacterial  agents  and  heavy  metal  resistance  in  Gram-negative 
bacteria  isolated  from  seawater,  shrimp  and  sediment  in  Iskenderun  Bay,  Turkey.  Sci.  Total  Environ. 
407(l):279-285. 

33.  McLean,  J.  S.,  Lee,  J.  U.,  and  Beveridge,  T.  J.  2002.  Interactions  of  bacteria  and  environmental  metals,  fine- 
grained mineral  development  and  bioremediation  strategies.  IUPAC  Ser.  Anal.  Phys.  Chem.  Environ. 
Syst.  8:227-262. 

34.  Megharaj,  M.,  Avudainayagam,  S.,  and  Naidu,  R.  2003.  Toxicity  of  hexavalent  chromium  and  its  reduction  by 
bacteria  isolated  from  soil  contaminated  with  tannery  waste.  Curr.  Microbiol.  47(  1 ):5 1 -54. 

35.  Mohan,  N.,  Balasubramanian,  N.,  and  Subramanian,  V.  2001.  Electrochemical  treatment  of  simulated  textile 
effluent.  Chem.  Eng.  Technol.  24(7):749-753. 

36.  Nath,  S.,  Deb,  B.,  Sharma,  I.,  and  Pandey,  P.  2014.  Role  of  cadmium  and  lead  tolerant  pseudomonas  aeruginosa  in 


Impact  Factor(JCC):  3.8965-  This  article  can  be  downloaded  from  www.impactiournals.us 


Akshatha  Jain  N,  Udayashankara  T H,  K S Lokesh  & Sudarshan  B L 


26 


seedling  germination  of  rice  ( Oryza  sativa  L.).  J Environ  Anal  Toxicol,  4(221):2161-0525. 

37.  Ok,  Y.  S.,  Yang,  J.  E.,  Zhang,  Y.  S.,  Kim,  S.  J.,  and  Chung,  D.  Y.  2007.  Heavy  metal  adsorption  by  a formulated 
zeolite-Portland  cement  mixture.  J.  Hazard.  Mater.  147(1):  91-96. 

38.  Okeke,  B.  C.,  Laymon,  J.,  Crenshaw,  S.,  and  Oji,  C.  2008.  Environmental  and  kinetic  parameters  for  Cr  (VI) 
bioreduction  by  a bacterial  monoculture  purified  from  Cr  (Vl)-resistant  consortium.  Biol.  Trace  Elein. 
Res.  (l-3):229-241. 

39.  Olgun,  A.,  and  Atar,  N.  2009.  Equilibrium  and  kinetic  adsorption  study  of  Basic  Yellow  28  and  Basic  Red  46  by  a 
boron  industry  waste.  J.  Hazard.  Mater.  161(1):  148- 156. 

40.  Oves,  M.,  Khan,  M.  S.,  and  Zaidi,  A.  2013.  Biosorption  of  heavy  metals  by  Bacillus  thuringiensis  strain  OSM29 
originating  from  industrial  effluent  contaminated  north  Indian  soil.  Saudi  J.  Biol.  Sci.  20(2):121-129 

41.  Pardo,  R.,  Herguedas,  M.,  Barrado,  E.,  and  Vega,  M.  2003.  Biosorption  of  cadmium,  copper,  lead  and  zinc  by 
inactive  biomass  of  Pseudomonas  putida  .Anal.  Bioanal.  Chem.  376(l):26-32. 

42.  Piotrowska-Seget,  Z.,  Cycon,  M.,  and  Kozdroj,  J.  2005.  Metal-tolerant  bacteria  occurring  in  heavily  polluted  soil 
and  mine  spoil.  Applied  Soil  Ecology.  28(3):237-246. 

43.  Puranik,  P.  R.,  and  Paknikar,  K.  M.  1999.  Biosorption  of  lead,  cadmium,  and  zinc  by  Citrobacter  strain  MCM 
B-181:  Characterization  Studies.  Biotechnol.  Prog.l5(2):228-237. 

44.  Rathnayake,  I.,  Megharaj,  M.,  Bolan,  N.,  and  Naidu,  R.  2009.  Tolerance  of  heavy  metals  by  gram  positive  soil 
bacteria  (Doctoral  dissertation.  World  Academy  of  Science  Engineering  and  Technology). 

45.  Joseph,  S.,  and  David,  W.  R.  2001.  Molecular  cloning:  a laboratory  manual.  Gold  Spring  Harbor,  New  York.  3: 
17-3.32. 

46.  Sar,  P.,  Kazy,  S.  K.,  Asthana,  R.  K.,  and  Singh,  S.  P.  1999.  Metal  adsorption  and  desorption  by  lyophilized 
Pseudomonas  aeruginosa.  Int.  Biodeterior.  Biodegrad.  44(2) : 1 0 1 - 1 1 0. 

47.  Shivashankarappa,  A.,  and  Sanjay,  K.  R.  2015.  Study  on  biological  synthesis  of  cadmium  sulfide  nanoparticles  by 
Bacillus  licheniformis  and  its  antimicrobial  properties  against  food  borne  pathogens.  Nanosci.  Nanotechnol.  Res. 
3(  1):6- 15. 

48.  Sinha,  S.,  and  Mukherjee,  S.  K.  2009.  Pseudomonas  aeruginosa  KUCdl,  a possible  candidate  for  cadmium 
bioremediation.  Braz ■ J.  Microbiol  40(3):655-662. 

49.  Sojka-Ledakowicz,  J.,  Zylla,  R.,  Mrozinska,  Z.,  Pazdzior,  K.,  Klepacz-Smolka,  A.,  and  Ledakowicz,  S.  2010. 
Application  of  membrane  processes  in  closing  of  water  cycle  in  a textile  dye-house.  Desalination.  250(2):634- 
638. 

50.  Stephenson,  R.  J.,  and  Duff,  S.  J.  1996.  Coagulation  and  precipitation  of  a mechanical  pulping  effluent — I. 
Removal  of  carbon,  colour  and  turbidity.  Water  Res.  30(4),  781-792. 


NAAS  Rating:  2.73-  Articles  can  be  sent  to  editor @impactjournals.us 


Bioremediation  of  Lead,  Nickel  and  Copper  by  Metal  Resistant  Bacillus  Licheniformis  27 

Isolated  from  Mining  Site:  Optimization  of  operating  Parameters  Under  Laboratory  Conditions 

51.  Stoll,  A.,  and  Duncan,  J.  R.  1996.  Enhanced  heavy  metal  removal  from  waste  water  by  viable,  glucose  pretreated 
Saccharomyces  cerevisiae  cells.  Biotechnol.  Lett.  18(10):  1209-1212. 

52.  You,  S.  J.,  Damodar,  R.  A.,  and  Hou,  S.  C.  2010.  Degradation  of  Reactive  Black  5 dye  using  anaerobic/aerobic 
membrane  bioreactor  (MBR)  and  photochemical  membrane  reactor.  J.  Hazard.  Mater.  177(1):  1 112-1118. 

53.  Zouboulis,  A.  I.,  Loukidou,  M.  X.,  and  Matis,  K.  A.  2004.  Biosorption  of  toxic  metals  from  aqueous  solutions  by 
bacteria  strains  isolated  from  metal-polluted  soils.  Process  Biochem.  39(8):909-916. 


Table  1:  Determination  of  Metal  Tolarance  Range  for  Isolates  in  MBC 


Strain  No 

Minimum  Bactericidal  Concentration  (mg  L-l) 

Lead 

Nickel 

Copper 

Ab 

433  ± 57.73 

166  + 57.73 

566  + 57.73 

SI 

1050  + 57.73 

816  + 57.73 

1266+  115.47 

S2 

833  ±57.73 

633+  115.47 

933  + 57.73 

S3 

566  + 57.73 

533  + 57.73 

833  + 115.47 

S4 

1685  + 115.47 

1246  + 57.73 

2166  + 57.73 

S5 

766  + 57.73 

633  + 57.73 

766  + 57.73 

S6 

1533  + 57.73 

1066  + 57.73 

1666  + 57.73 

Table  2:  Biochemical  Characterization  of  Isolates 


SI.  No 

Biochemical  Test 

Test  Results 

SI 

S2 

S3 

S4 

S5 

S6 

1 

Gram’ s staining 

+ 

- 

- 

+ 

- 

+ 

2 

Starch  hydrolysis 

X 

X 

X 

+ 

X 

X 

3 

Oxidase  test 

X 

+ 

- 

X 

- 

X 

4 

Lactose  fermentation 

X 

X 

+ 

X 

+ 

X 

5 

Indole  test 

X 

X 

+ 

X 

+ 

X 

6 

Citrate  test 

X 

X 

- 

+ 

+ 

X 

7 

Spore  forming 

+ 

X 

X 

X 

X 

X 

8 

Catalase  test 

X 

X 

X 

X 

X 

+ 

9 

Mannitol  fermentation 

X 

X 

X 

X 

X 

+ 

10 

Glucose  fermentation  test 

X 

- 

X 

X 

X 

- 

11 

NaCl  (6.5%)  Media  at  55UC 

X 

X 

X 

+ 

X 

X 

12 

MacConkey  broth  media 

X 

- 

X 

X 

X 

X 

13 

Pseudo  F & P agar 

X 

+ 

X 

X 

X 

X 

14 

BBC  agar 

X 

X 

X 

+ 

X 

X 

Note:  + Result  positive,  - Result  negative,  x not  applicable 
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Figure  1:  Effect  of  Metal  Concentration  on 
Bacterial  Growth  and  Biosorption 


Figure  2:  Optimization  of  Physical  Parameters  for  Metal  Degradation 


Figure  3:  Optimation  of  Carbon  Source  with 
Respect  to  Growth  and  Biosorption 
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MSS  (ml  L ') 


Figure  4:  Optimation  of  MSS  with  Respect  to 
Growth  and  Biosorption 


Figure  5:  Optimation  of  Nitrogen  Source  with 
Respect  to  Growth  and  Biosorption 


Figure  6:  TEM  Analysis  of  the  Bacterial  Cells  Grown  for  72  h without 
(A)  or  with  Pb  (B),  Ni  (C)  and  Cu  (D)  Showingelectron  Dense 
Grains  Distributed  on  the  Cell  at  200  nm 
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Figure  7:  FTIR  Spectra  of  b.  Licheniformis 
Massbefore  and  after  Biosorption  of  Metals 


20° 

Figure  8:  X-Ray  Diffraction  Spectra  of  b.  Licheniformis 
Massbefore  and  after  Biosorption  of  Metals 


Figure  9:  Schematic  Outline  of  Laboratory-Scale 
Continuous  Flow  Soil  Reactor 
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Figure  10:  Biosorption  of  Pb,  Ni  and  Cu  in  the  Soil  With  Respect 
to  Time  and  Flow  Rate  in  Reactor  Under  Optimum  Conditions 
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